The association between leisure time physical activity and the risk of all-cause and cardiovascular disease mortality was analyzed in a Finnish cohort of 1,072 men aged 35-63 years who were followed up for 10 years and 10 months. During the period, 168 deaths were recorded, 93 of which were the result of cardiovascular diseases. Leisure time physical activity was assessed by several measures: 1) a single question combining an estimate of the frequency and intensity of the total amount of leisure time physical activity, 2) a compiled measure of leisure time physical activity derived from three separate questions concerning the intensity and frequency of activity, 3) a physical activity energy expenditure index computed as an estimate of weekly energy expenditure for leisure time activity and commuting to work, and 4) 16 separate specified activities of daily living and domestic chores included in the leisure time physical activity index. The association between baseline leisure time physical activity and the risk of death was assessed using the Cox proportional hazards model. After adjustment for potential confounders, the leisure time physical activity energy expenditure index and participation in several specific activities of daily living and domestic chores showed that the mortality risk for all causes and cardiovascular diseases was highest in the most sedentary men. With respect to the leisure time physical activity energy expenditure index, sedentary men (those with an estimated weekly energy expenditure in leisure time physical activity of <800 kcal) had an increased risk of 2.74 (95% confidence interval 1.46-5.14) for all-cause mortality and a risk of 3.58 (95% confidence interval 1.45-8.85) for cardiovascular disease mortality compared with the most active persons (those with an estimated weekly energy expenditure in leisure time physical activity of at least 2,100 kcal) when age, initial health status, marital status, employment status, and smoking were controlled. Am J Epidemiol 1996;143:870-80. cardiovascular diseases; leisure activities; men; middle age; mortality
needed to achieve preventive effects against cardiovascular disease and all-cause mortality. Based on current knowledge, the relative contributions of the frequency, intensity, duration, and type of physical activity in reducing the risk of cardiovascular diseases and death are difficult to determine (e.g., [18] [19] [20] . Some studies suggest that only rather high intensity exercise is effective (21) (22) (23) , while others suggest that moderate activity is sufficient to reduce the risk (12, 14, 15) . A similar discrepancy is found in studies concerning the association between physical fitness and coronary heart disease or total mortality. In some studies, there seems to be a consistent, graded relation between physical fitness and mortality (23) (24) (25) , while other studies show that the most significant difference in mortality risk seems to occur between the lowest and next lowest fitness categories (26) . For this reason, more convincing data are needed to reveal the kind of physical activity required in terms of the type, intensity, and frequency of exercise sessions, as well as the total weekly energy expenditure in exercise, to achieve the preventive effects of physical activity on overall and cardiovascular disease mortality.
Based on prospective cohort material designed to reveal the interrelations between physical activity and various health outcomes (27) , the associations of leisure time physical activity with all-cause and cardiovascular disease mortality are the subject of this report. The association between mortality risk and leisure time physical activity, measured by several independent sets of questions in two self-administered surveys at the beginning of the follow-up, was investigated among middle-aged men for a follow-up time of nearly 11 years.
MATERIALS AND METHODS
To cover as broad a spectrum of different types of habitual physical activities as possible among the study subjects, we chose a provincial region of Finland as the target area. A systematic and representative sample of residents, 19-63 years of age, was drawn from the census data of a medium-sized industrial town and two adjoining rural municipalities in northeastern Finland. The sample represented about 20 percent of the working age population of the municipalities in the target area in 1980.
A self-administered questionnaire including structured questions concerning living habits and health behavior, health status and functional capacity, and sociodemographic background factors was sent to the subjects at the beginning of 1980. The final response rate, after two recalls, was 77.5 percent (n -5,259). A second questionnaire, which was sent to the respondents 13 months later, included similar questions as in the baseline survey but with a narrower scope. The response rate for the second survey was 88 percent.
The mortality of the respondents to the baseline survey was monitored using national census data from the Central Statistical Office of Finland through the year 1990. This represented a follow-up period of 10 years and 10 months. Because of the low mortality rates among women and among men under 35 years of age, these subjects were excluded from the analyses. Before the exclusions, the final cohort in this report comprised 1,340 men aged 35-63 years at the beginning of the follow-up period. During the follow-up period, 168 men died. The underlying causes of death were cardiovascular disease (55 percent), cancer (23 percent) , and other causes (22 percent).
Leisure time physical activity was assessed using three different sets of questions, two sets in 1980 and one in the second survey in 1981 (table 1). The first measure was a single-item self-assessment of global physical activity from the first questionnaire. The wording of the question covered the intensity, fre- * Upper third, at least two activities more than once a week; middle third, at the most one activity more often than once a week and another activity once a week; lower third, at the most one of four activities more often than once a week.
t Upper third, more than one activtty more than once a week; middle third, at the most one activity more than once a week; lower third, none of the three activities once or more often a week.
t Includes self-estimates of leisure time and commuting but not of occupational activity in the year preceding the survey. Boundary values were derived from quartJIes.
§ LTFtt, leisure time physical activity, based on a single question of the total level of physical activtty In the year preceding the survey that includes leisure time and commuting but not occupational physical activtty.
I Combination of three questions concerning the frequency, Intensity, and duration of leisure time physical activity in the year preceding the second survey.
quency, and duration of exercise sessions as follows. "Which of the following categories best describes your physical activity during the past 12 months? Consider all types of leisure time physical activity, including walking and cycling to and from work, if the trip takes at least 15-20 minutes one way." The response alternatives were 1) "vigorous activity twice or more a Am J Epidemiol Vol. 143, No. 9, 1996 week," 2) "vigorous activity once a week and some light intensity activity," 3) "some activity each week," and 4) "no regular weekly activity." In the analysis, the last two classes were rated as inactive. Vigorous activity was described in the instructions as intense enough to cause perspiration or breathlessness. This estimate is henceforth called the single-item selfassessment of leisure time physical activity.
To analyze the importance of exercise intensity and frequency in particular, a new set of questions was included in the survey made in 1981. The subjects were asked to estimate the average number of times they participated in 1) vigorous exercise (breathlessness and perspiration), 2) moderate exercise (a slight increase in perspiration and breathing), and 3) light exercise (no perspiration and an insignificant increase in breathing rate). Questions about participation in leisure time physical activity during the winter and summer of 1980 were asked separately. In addition, the subjects were asked to indicate the average duration of their exercise sessions. Four activity levels were designated, based on these responses: 1) "vigorous activity twice or more a week," 2) "moderate activity twice or more a week," 3) "light activity twice or more a week," and 4) "no activity." This estimate is henceforth called the compiled intensity-frequency assessment of leisure time physical activity.
A physical activity energy expenditure index was computed as an estimate of energy expended in physical activities during leisure time and on the way to and from work. The index included 23 questions concerning conditioning exercise, sport, physical recreation, household chores, and commuting to work. The total leisure time physical activity index was expressed as the weekly net energy expenditure in exercise (kcal/ week). It was calculated by multiplying the weekly frequency and average duration of each type of physical activity reported and by estimating the rate of energy cost (kcal/min) and the seasonal duration coefficient of each activity. The rate of the energy cost of each activity was derived from the compendium of energy cost of the various physical activities presented by Ainsworth et al. (28) . To calculate the net energy expenditure in each activity, we subtracted value 1 from the given metabolic equivalent (MET) value. When no information was available on the duration of one physical activity session, the estimated average time was derived from the Finnish time-budget study (29) . The seasonal coefficient was assigned a value of 1 if the physical activity could be done year round. We asked about participation in voluntary leisure time forestry work because, in this region, many farmers and even town residents have their own forest areas in which they can do thinning, wood chopping, or even logging work. For seasonal activities like gardening, the value was scaled to the estimated length of the season, and thus the range for seasonal coefficients was 0.1-1.0. The net MET values assigned for these activities appear in table 2.
To study the type of leisure time physical activity associated with mortality, we analyzed the primary activity questions in two ways. Each of the 16 variables describing the weekly frequency of various activities during the last 12 months was considered as both one component of six sum indexes and a specified dichotomous variable. Participation in each of these activities was originally rated with the following scale: 0 = "no occasion"; 1 = "less than once a week"; 2 = "once a week"; and 3 = "more often than once a week." The sum indexes were designated a priority by the content of the questions, but their consistency was also analyzed by factor analyses. Thus, the activities were expressed as indexes in the original four-class form, with the exception of leisure time forestry work and strenuous household activities, which were considered single, dichotomous variables. The content of the factor analysis-based sum indexes was as follows: 1) physical activity while making repairs (four items); 2) strenuous household activities (one item); 3) physical activity while gardening or engaging in similar activities (four items); 4) physical activity during outdoor activities such as hunting, fishing, and hiking (three items); 5) voluntary leisure time forestry work (one item); and 6) sports, conditioning, and commuting to work (three items).
To reduce any selective bias toward low-level activity as a result of disease, all persons who reported that they were totally unable to participate in physical Physical Activity and Mortality 873 activity because of their health status or who failed to answer the baseline questionnaire were excluded from the analysis. In addition, data from all respondents who failed to respond to five or more of the 13 questions concerning domestic chores and recreational activities were excluded from the analysis. After the exclusions, 80 percent of the original sample of 1,340 men (n = 1,072) were included in the analysis. A detailed description of the baseline characteristics of the study cohort is given in table 3.
After the relevant measures of leisure time physical activity had been obtained, mortality rates per 1,000 person-years of follow-up were computed for each of the categories of physical activity and for the confounders included in the models. The mortality rates were age adjusted by the direct method using the total population as the standard. The following age groups were designated: 35-44, 45-54, and 55-63 years. A multivariate analysis for estimating the relative risk of death with respect to person-years was computed using the Cox proportional hazards model (30) . Models for mortality included adjustment for age as a continuous variable and the degree of limitation resulting from disease or symptoms that prevented participation in physical activity, marital and employment status, and smoking as classified variables.
After assessment of the specified activities of daily living and domestic chores that were most strongly related to the risk of death, we considered the association of these activities with single-item measures of all leisure time physical activity. This association was analyzed using log-linear models.
RESULTS
The age-adjusted mortality rates for the confounder variables are described in table 4. The mortality rates for both all causes and cardiovascular diseases were highest among people suffering from disease or symptoms that prevented them from participating in physical activity and among current smokers, nonparticipants in working life, and single, divorced, or separated men. Body mass index, physical load at work, alcohol consumption, perceived health status, socioeconomic status, self-reported chronic diseases, and residential status were also considered potential confounders, but these variables did not have a confounding effect in this study. Table 5 shows the age-adjusted all-cause and cardiovascular disease mortality rates according to physical activity level. The age-adjusted all-cause and cardiovascular disease mortality rates were, with the exception of strenuous household activities, highest in the most inactive groups. In comparisons of the mortality attributed to a sedentary lifestyle and smoking (table 4), the age-adjusted all-cause mortality rate of sedentary persons was close to that of current smokers. In the case of cardiovascular disease mortality, the rate for physically sedentary men slightly exceeded that for current smokers.
Each of the measures described in table 5 that showed a statistically significant association with the risk of death after adjustment for age, the degree of limitation caused by disease or symptoms, marital status, smoking, and employment status, was further analyzed. The leisure time physical activity energy expenditure index, as well as the leisure time forestry and repair work included in the energy expenditure index, showed a statistically sig- nificant association with both all-cause and cardiovascular disease mortality when the potential confounders were controlled for (table 6). In each of these models, the association of the level of physical activity with the risk of death was only statistically significant for most sedentary men, however. Furthermore, the only one steadily increasing dose-response relation was found between the sum variable of repair activities and the risk of death. Neither the single-item self-assessment nor the compiled intensity-frequency assessment of leisure time physical activity showed a statistically significant association with the risk of death.
To study whether any single activity was strongly associated with the risk of death while not reflected in the leisure time physical activity energy expenditure index or the factor analysis-based sum indexes, each of the original activity variables included in the abovementioned measures was considered a two-class form. In a stepwise analysis of these 16 specified activity variables, leisure time forestry work, gardening, and engine repair were most strongly associated with the risk of all-cause mortality when the potential confounders were considered (table 7). In the case of cardiovascular disease mortality, growing vegetables on an allotment, hunting, and leisure time forestry work were the three activities most strongly inversely associated with the risk of death (table 8) .
To clarify why the leisure time physical activity energy expenditure index and some of the specified activities, but not the single-item self-assessment of total physical activity or the compiled intensityfrequency assessment of activity, were inversely associated with the risk of death, we analyzed the relation of the variables describing physical activity to loglinear models. Of those activities most strongly associated with the risk of all-cause and cardiovascular disease mortality, forestry work and engine repair did not show a statistically significant association with either the single-item self-assessment or the compiled intensity-frequency assessment measure of leisure time physical activity when the effect of age was considered in the models. Growing vegetables on an allotment, hunting, and gardening showed a statistically significant association with self-estimated measures.
DISCUSSION
All-cause mortality and cardiovascular disease mortality were the terminus of this study. In agreement with official Finnish statistics (31), our results showed that cardiovascular diseases were the major causes of death of middle-aged men in the 1980s. When the descriptive data from the baseline characteristics of the current sample were compared with those of other Finnish population studies, our regional sample did not differ substantially from the average Finnish adult population with respect to alcohol consumption, body mass index, smoking, or marital status as assessed at the end of 1970s (32, 33) .
In the present study, the association of leisure time physical activity with all-cause and cardiovascular dis- ease mortality was assessed by several different measures of physical activity. Of all the measures used, the leisure time physical activity energy expenditure index, which contains 16 different activities, and some specified activities of daily living and domestic chores were most strongly associated with both all-cause and cardiovascular disease mortality when the potential confounders were controlled for. With regard to the leisure time physical activity energy expenditure index, it is worth noting that a major increase in the risk of death occurred when physical activity decreased from somewhat active to sedentary. In this respect, our results are similar to the results presented by Blair et al. (26) , who found the greatest increase in the risk of death among the least fit and the next quintile of middle-aged men in a follow-up of 8 years. On the other hand, several specified types of activities included in the leisure time physical activity energy 876 Haapanen et al. expenditure index in our study were strongly associated with the risk of death despite their differences in intensity. Thus, leisure time forestry work, which was one of the most strenuous activities (net MET value, 6.0) and which has been classified as vigorous activity in recent physical activity recommendations by the Centers for Disease Control and Prevention and by the American College of Sports Medicine (34) , showed the strongest inverse association with the risk of death. Some moderately intense activities, however, such as gardening (net MET value, 4.0) and the sum variable of repair work (net MET values, 3.0-4.0), were strongly associated with the decreased risk of death. Actually, our results are in agreement with a recent statement (35) emphasizing the importance of total energy expenditure instead of the intensity of activity in maintaining cardiovascular health. Another interesting observation was that several rather intense activities involved in daily living and domestic chores, but not sports, conditioning, or commuting to work, were associated with the risk of death. These results conflict to some extent with those of another recent Finnish study (23) conducted in a neighboring geographic area. In the study by Lakka et al. (23) , mainly vigorous sporting activities were associated with the risk of death. In part, the difference may be due to the fact that leisure time activities other than sports were not assessed as extensively as in our study.
In several studies before the 1970s, the association between physical activity and cardiovascular disease was investigated using the physical load at work as a measure of physical activity. Since those days, however, leisure time physical activity has been used more frequently as a measure of activity since it has been observed that occupational activity reflects more the socioeconomic status than the level of physical activity (2). In our study, occupational activity was not associated with the risk of death when it was considered as a potential confounding factor. In a recent statement (35) , it has been suggested that occupational activity provides adequate health benefits only when a job requires sustained vigorous activity. It may be that, even when the cumulative energy expenditure at work is rather high, sessions of at least moderately intense activity are needed for health benefits. According to our earlier findings from the same geographic region, this is not necessarily true for many so-called "heavy" jobs (36). One reason for the discrepancies between the studies may be that few of them verify the stability of physical activity. In our study, the stability of leisure time physical activity was investigated 5 years after the baseline examination. Of those participating in vigorous physical activity twice or more a week at baseline, approximately 60 percent engaged in the same level of activity 5 years later. Similarly, of those participating in light intensity activity at baseline, 80
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The association of mortality risk with such activities as leisure time forestry work, hunting, or gardening, which are associated with living in single family homes and forest ownership, raises the possibility that this relation may be partially due to some unspecified characteristics of the way of life or living status. Further analysis revealed that the association between the decreased risk of death and leisure time forestry work was present regardless of the subjects' socioeconomic status as measured by occupation. Therefore, it is plausible that these activities are indicators of habitual physical activity as part of a way of life.
In our study, the estimated weekly energy expenditure in activities of daily living and domestic chores was greater than the energy expended in leisure time conditioning and sports activities. The proportion of energy expenditure in nonconditioning activities relative to conditioning activities was greater than in some recent studies as well. In the study by Lakka et al. (23), for example, the proportion of conditioning activities compared with nonconditioning activities was approximately 30 percent, while in our study the percentage was approximately 20.
The general self-estimates of physical activity, the compiled intensity-frequency measure, and the singleitem self-assessment of global physical activity were not associated with the risk of death. When assessing the relation between the single, frequency-based specified activities most strongly associated with the risk of death and the single-item measures of leisure time physical activity, our log-linear models showed that some activities were and others were not associated with each other in a statistically significant way when the effect of age was taken into account in the analysis. Our results therefore suggest that single-item measures of leisure time physical activity may not be a valid enough method for indicating the actual picture of the respondents' total level of activity. It is possible that, when asked general questions about estimating their physical activity, people do not conceive of all the activities of daily living and domestic chores as physical activity and that the interindividual variation in the reporting is large. Thus, people may underestimate the total energy expenditure of physical activity, and thenactivity status may thus be misclassified.
According to a recent report, there are multiple, nonoverlapping dimensions of physical activity (37) . Furthermore, there is evidence that the logic of the questions is more important in constructing measures of physical activity than the number or details. For example, the leisure time physical activity index used in the College Alumni Study (15) was based on only three questions, but the index has been shown to be a relatively valid and reliable indicator of leisure time physical activity in several general populations in the United States (37, 38) . On the other hand, it is possible that the need and opportunities for different types of physical activity are greater in our study region than, for example, in urban surroundings and perhaps in the United States in general or in the southern part of Finland. Thus, what is considered physical activity by the general public can be to a great extent culture specific.
In epidemiologic studies, it is possible that the selfselection bias increases the strength of the association between physical activity and the risk of death. It may be that healthy persons are more activity oriented, whereas other persons may have a disease or symptom that limits them from participating in physical activity. In the present study, we tried to reduce the selfselection bias by excluding all respondents from the sample who reported that they were completely unable to participate in physical activity at baseline as well as by adjusting for the initial functional capacity and other main confounders. Furthermore, it is known that, in the Finnish population in general and according to cross-tabulation with this material, people with diseases, disabilities, or injuries limiting their occupational work and domestic activities report that they participate in leisure time fitness and health-related physical activities as frequently, although less strenuously, as do people without such limitations (39) .
The general findings of our study are consistent with those of several cohort studies that use energy expenditure-based measures. In the US Railroad Study (40) , where physical activity was determined by the Minnesota Leisure Time Physical Activity Questionnaire, a 20 percent greater risk of death from all causes was found in men who were sedentary compared with those who expended over 1,000 kcal per week in leisure time physical activity, when age, blood pressure, blood lipids, and smoking were controlled. Likewise, Leon et al. (12) used the Minnesota Questionnaire in Multiple Risk Factor Intervention Trial (MRFIT) participants to estimate a relative risk of 0.7 for all-cause mortality for moderate leisure time physical activity compared with a low level of leisure time physical activity, when confounders similar to those in the study of Slattery et al. (40) were adjusted. In thenstudy, Paffenbarger et al. (15) computed a physical activity index as an estimate of energy expended in climbing stairs, walking blocks, and playing sports. They observed that men who were physically active had an age-adjusted risk of 0.7 for all-cause mortality compared with sedentary men. In the Framingham Study (41) , a decreasing risk of overall and cardiovasAm J Epidemiol Vol. 143, No. 9, 1996 cular disease mortality was observed with an increasing level of physical activity. In the Honolulu Heart Program (42) , where the Framingham physical activity index was also used, a significantly lower risk of 0.85 for coronary heart disease mortality was observed among highly active men as compared with the least active men.
In contrast to our findings, those of several cohort studies using single-item measures of physical activity have found an association between low level leisure time physical activity and an increased risk of death. For example, in a 26-year follow-up study (43) of Adventist men, the protective effect of leisure time physical activity against premature all-cause and cardiovascular disease mortality was measured by a single self-assessment of the total level of exercise. Furthermore, in a Finnish follow-up (44) of a cohort of 30-to 59-year-old men free of cardiovascular disease, where the level of physical activity was determined by a single question on an "active-passive" scale, sedentary men had a 20 percent increased risk of ischemic heart disease death, when several confounders were controlled. Similarly, in the Copenhagen Male Study (45), low physical activity or a sedentary lifestyle in leisure time was associated with a 60 percent increased risk of premature death from ischemic heart disease compared with a higher level of activity, when age, blood pressure, smoking, and social class were controlled. The reason for the disagreement between our findings and those of earlier studies may be that, in our study, single questions did not comprehensively describe the level of overall physical activity, which comprised a variety of active leisure time pursuits.
We can conclude that this 10-year and 10-month follow-up of a representative adult cohort in northeastern Finland supports the hypothesis that a low level of physical activity is a risk factor for both all-cause and cardiovascular disease mortality. The observed risk related to inactivity was higher than that in many former studies and close to the relative risk observed in the association between physiologically measured physical fitness and total or cardiovascular disease mortality. The increased risk of death among sedentary men was verified by the leisure time physical activity energy expenditure index and some specific activities of daily living and domestic chores. Because the measures comprehensively describe the subjects' energy expenditure in all leisure time physical activities, they may minimize the possibility of misclassifying subjects' physical activity status. Our results are consistent with recent statements (35) suggesting that, for minimum health benefits, energy expenditure in leisure time activities should be at least 700-800 kcal per week. Furthermore, our results are in agreement with the recommendation encouraging individuals to engage in activities requiring up to 2,000 kcal per week for maximum health benefits.
